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KLJKILGHOLW\ PRGHO VDPSOHV 7KH PDMRU RSHQ SUREOHP KHUH LV WKH SURSHU VHOHFWLRQ RI WKH ORZILGHOLW\ PRGHO 7KH W\SH RI
VLPSOLILFDWLRQVPDGHWRFRQVWUXFW WKHPRGHODVZHOODVLWVOHYHORIDFFXUDF\HJPHVKGHQVLW\PD\EHFUXFLDO IRUWKHDOJRULWKP
SHUIRUPDQFHERWKLQWHUPVRIWKHTXDOLW\RIWKHILQDOGHVLJQDQGWKHFRPSXWDWLRQDOFRVWRIWKHGHVLJQSURFHVV+HUHZHLQYHVWLJDWH
WKLV WUDGHRII XVLQJ VSDFH PDSSLQJ 60 DV DQ H[HPSODU\ 6%2 WHFKQLTXH DQG WZRGLPHQVLRQDO DLUIRLO VKDSH RSWLPL]DWLRQ DV D
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7KHIORZLVDVVXPHGWREHVWHDG\LQYLVFLGDQGDGLDEDWLFZLWKQRERG\IRUFHV7KHFRPSUHVVLEOH(XOHUHTXDWLRQV
DUHWDNHQWREHWKHJRYHUQLQJIOXLGIORZHTXDWLRQV7KHVROXWLRQGRPDLQERXQGDULHVDUHSODFHGDWFKRUGOHQJWKVLQ
IURQWRIWKHDLUIRLOFKRUGOHQJWKVEHKLQGLWDQGFKRUGOHQJWKVDERYHDQGEHORZLW)LJD7KHFRPSXWDWLRQDO
PHVKHVDUHRIVWUXFWXUHGFXUYLOLQHDUERG\ILWWHG&WRSRORJ\ZLWKHOHPHQWVFOXVWHULQJDURXQGWKHDLUIRLODQGJURZLQJ
LQVL]HZLWKGLVWDQFHIURPWKHDLUIRLOVXUIDFH7KHFRPSXWHUFRGH,&(0&)'>@LVXVHGIRUWKHPHVKJHQHUDWLRQ
7KHIUHHVWUHDP0DFKQXPEHUVWDWLFSUHVVXUHDQGDQJOHRIDWWDFNDUHSUHVFULEHGDWWKHIDUILHOGERXQGDU\
1XPHULFDOIOXLGIORZVLPXODWLRQVDUHSHUIRUPHGXVLQJWKHFRPSXWHUFRGH)/8(17>@7KHIORZVROYHULVRI
LPSOLFLWGHQVLW\EDVHGIRUPXODWLRQDQGWKHLQYLVFLGIOX[HVDUHFDOFXODWHGE\DQXSZLQGELDVHGVHFRQGRUGHUVSDWLDOO\
DFFXUDWH5RHIOX[VFKHPH$V\PSWRWLFFRQYHUJHQFHWRDVWHDG\VWDWHVROXWLRQLVREWDLQHGIRUHDFKFDVH7KHLWHUDWLYH
FRQYHUJHQFHRIHDFKVROXWLRQLVH[DPLQHGE\PRQLWRULQJWKHRYHUDOOUHVLGXDOZKLFKLVWKHVXPRYHUDOOWKHFHOOVLQ
WKHFRPSXWDWLRQDOGRPDLQRIWKH/QRUPRIDOOWKHJRYHUQLQJHTXDWLRQVVROYHGLQHDFKFHOO,QDGGLWLRQWRWKLVWKH
OLIWDQGGUDJIRUFHVGHILQHGLQ6HFWLRQDUHPRQLWRUHGIRUFRQYHUJHQFH7KHVROXWLRQFRQYHUJHQFHFULWHULRQIRU
WKH KLJKILGHOLW\PRGHO LV WKHRQH WKDW RFFXUV ILUVW RI WKH IROORZLQJ DPD[LPXP UHVLGXDO RI  RU DPD[LPXP
QXPEHURILWHUDWLRQVRI
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
)LJ*ULGFRQYHUJHQFHVWXG\XVLQJWKH1$&$DLUIRLODW0DFKQXPEHU0f DQGDQJOHRIDWWDFNĮ DOLIWDQGGUDJFRHIILFLHQWV
YHUVXVWKHQXPEHUPHVKFHOOVDQGEWKHVLPXODWLRQWLPHYHUVXVWKHQXPEHURIPHVKFHOOV

$JULGFRQYHUJHQFHVWXG\ZDVSHUIRUPHGXVLQJWKH1$&$DLUIRLODW0DFKQXPEHU0f DQGDQJOHRI
DWWDFNĮ 7KHUHVXOWVDUHVKRZQLQ)LJ)LUVWWKHILQHPHVKZDVFRQVWUXFWHG7KLVLVPHVKQXPEHULQ)LJ
7KHQ WKHPHVK GHQVLW\ ZDV GRXEOHG LQ HDFK GLUHFWLRQ WR SURGXFHPHVK QXPEHU  7KH OLIW DQG GUDJ FRHIILFLHQWV
FKDQJHG E\ OHVV WKDQ RQH OLIW FRXQW '&O    DQG RQH GUDJ FRXQW '&GZ    UHVSHFWLYHO\ 7KH UHPDLQLQJ
PHVKHVZHUHJHQHUDWHGE\KDOYLQJWKHPHVKGHQVLW\LQHDFKGLUHFWLRQ:HFRQFOXGHWKDWWKHILQHPHVKQXPEHULV
DGHTXDWH DQG  FHOOV DUH QHHGHG IRUPHVK FRQYHUJHQFH:H XVH WKDW SDUWLFXODUPHVK IRU WKH KLJKILGHOLW\
PRGHO LHPHVK QXPEHU  LQ )LJ  7KH RYHUDOO VLPXODWLRQ WLPH IRU WKH FDVH FRQVLGHUHGZLWK WKH ILQHPHVK LV
DURXQGPLQXWHV)LJE7KHVROYHUUHDFKHGDIXOO\FRQYHUJHGVROXWLRQPD[LPXPUHVLGXDOZDVOHVVWKDQLQ
WKLVFDVHDIWHULWHUDWLRQV7KHVROYHUZDVDEOHWRUHDFKDIXOO\FRQYHUJHGVROXWLRQLQDOOFDVHVH[FHSWWKHLQYHU\
ODVWRQHPHVKQXPEHUZKHUHWKHVROYHUUDQIRULWHUDWLRQV
$HURG\QDPLF)RUFHV
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LGGL )G
HTXLYDOHQWWR1RWHWKDWWKHPDWULFHV&O7&ODQG&G7&GDUHQRQVLQJXODUIRUL!)RUL RQO\WKHPXOWLSOLFDWLYH
FRUUHFWLRQZLWK$LFRPSRQHQWVDUHXVHGZKLFKFDQEHFDOFXODWHGLQDVLPLODUZD\
)LJXUH  VKRZV F[ DQG I[ DW D IHZ UDQGRPO\ VHOHFWHG DLUIRLO JHRPHWULHV DVZHOO DV$ $F[' FDOFXODWHG
XVLQJ 1RWH WKDWRXWSXW60 LVFDSDEOH WR VXEVWDQWLDOO\ UHGXFHPLVDOLJQPHQWEHWZHHQ WKH VXUURJDWHDQGKLJK
ILGHOLW\PRGHOUHVSRQVHV7KHVXSSOHPHQWDODGGLWLYHRXWSXW60WHUPTLLVRQO\DSSOLHGORFDOO\DVLQWRIXUWKHU
LPSURYHVXUURJDWHPRGHODFFXUDF\LQWKHYLFLQLW\RIWKHFXUUHQWGHVLJQ
1XPHULFDO6WXG\
7KH REMHFWLYH RI WKLV QXPHULFDO VWXG\ LV WR LQYHVWLJDWH WKH HIIHFWV RI WKH ORZILGHOLW\ PHVK GHQVLW\ RQ WKH
SHUIRUPDQFH RI YDULDEOHUHVROXWLRQ VKDSH RSWLPL]DWLRQ :H FRQVLGHU ERWK DLUIRLO OLIW PD[LPL]DWLRQ DQG GUDJ
PLQLPL]DWLRQ DW WUDQVRQLF IORZ FRQGLWLRQV ,Q WKLV VHFWLRQ ZH GHVFULEH WKH JHQHUDO VHWXS RI WKH FDVH VWXGLHV DQG
GLVFXVVWKHUHVXOWV
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*HQHUDO6HWXS
7KHYDULDEOHUHVROXWLRQ VKDSHRSWLPL]DWLRQPHWKRGZLWK VSDFHPDSSLQJGHVFULEHG LQ6HFWLRQ LV XWLOL]HG7KH
VXUURJDWHPRGHORSWLPL]DWLRQLVSHUIRUPHGXVLQJDSDWWHUQVHDUFKDOJRULWKP>@ZKLFKLVDGHULYDWLYHIUHHPHWKRG
7KH WHUPLQDWLRQFRQGLWLRQ IRU WKHDOJRULWKP LV __[L±[L±__±7KHDLUIRLOVKDSHVDUHSDUDPHWHUL]HGXVLQJ WKH
1$&$GLJLWPHWKRGGHVFULEHGLQ6HFWLRQZLWKWKUHHGHVLJQYDULDEOHV[ >PSWF@7ZKHUHWKHFKRUGLVVHWWR
F 7KHKLJKILGHOLW\&)'PRGHOLVGHVFULEHGLQ6HFWLRQDQGWKHORZILGHOLW\&)'PRGHOVLQ6HFWLRQ7KH
VXUURJDWHPRGHOVDUHFRQVWUXFWHGXVLQJVSDFHPDSSLQJGHVFULEHGLQ6HFWLRQ
:HFRQVLGHUWZRGHVLJQFDVHV2QHFDVHRIOLIWPD[LPL]DWLRQDQGRQHRIGUDJPLQLPL]DWLRQ'HWDLOVRIWKHWHVW
FDVHVDQGRSWLPL]DWLRQUHVXOWVDUHJLYHQLQ7DEOH7KHERXQGVRQWKHGHVLJQYDULDEOHVDUHVHWDVdPdd
SdDQGdWFd+HUHWKHORZILGHOLW\PRGHOVDUHGHQRWHGE\QXPEHUVIURPWR/RZILGHOLW\PRGHO
XVHVPHVKQXPEHULQ)LJORZILGHOLW\PRGHOXVHVPHVKQXPEHUDQGVRIRUWKXSWRORZILGHOLW\PRGHO
ZKLFKXVHVPHVKQXPEHU7KHWLPHHYDOXDWLRQUDWLRVEHWZHHQKLJKDQGDJLYHQORZILGHOLW\PRGHODUHIRUWKH
ORZILGHOLW\PRGHOPRGHOPRGHOPRGHODQGPRGHO:KLOH LQSUDFWLFH WKHUDWLR
PD\YDU\IURPRQHGHVLJQWRDQRWKHUZHXVHIL[HGYDOXHVWKDWDUHW\SLFDOIRUDVSHFLILFPHVKVHWXS
5HVXOWV
7KHRSWLPL]DWLRQUHVXOWV IRUERWKFDVHVDUHVKRZQLQ7DEOHDVZHOODVLQ)LJ,QWKLVVWXG\ZHDUHPRVWO\
FRQFHUQHGDERXW WKHFRPSXWDWLRQDOFRVWRI WKHGHVLJQSURFHVV$VH[SHFWHG WKHDOJRULWKPZRUNLQJZLWK WKH ILQHU
ORZILGHOLW\PRGHOVJHQHUDOO\UHTXLUHVVPDOOHUQXPEHURILWHUDWLRQVDVWKHVXUURJDWHLVPRUHDFFXUDWH2QWKHRWKHU
KDQGHDFK LWHUDWLRQ LVPRUH H[SHQVLYHEHFDXVHRI WKHKLJKHUHYDOXDWLRQFRVWRI WKH ORZILGHOLW\PRGHO LWVHOI7KH
FRVWRIHDFKLWHUDWLRQLVORZHUIRUFRDUVHUORZILGHOLW\PRGHOKRZHYHUODUJHUQXPEHURILWHUDWLRQVLVQHFHVVDU\IRU
WKH DOJRULWKP WR FRQYHUJH 0RUHRYHU WKH DOJRULWKP PD\ KDYH SUREOHPV LQ ILQGLQJ D VDWLVIDFWRU\ GHVLJQ HLWKHU
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IRUILYHGLIIHUHQWORZILGHOLW\PRGHOVRIYDU\LQJPHVK
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DQGWKHGUDJFRHIILFLHQWYDOXHVLQGUDJFRXQWV'&GZ 1FDQG1IDUH
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)LJ7RWDOGHVLJQFRVWYHUVXVPHVKGHQVLW\RIWKHORZILGHOLW\PRGHOIRUGHVLJQFDVHVDQG6KRZQDUHUHVXOWVIURPWKHILYHGLIIHUHQWORZ
ILGHOLW\PRGHOV7KHDOJRULWKPZRUNLQJZLWKWKHORZILGHOLW\PRGHOH[KLELWVWKHORZHVWFRPSXWDWLRQDOFRVWIRUERWKWHVWFDVHV

7KXVWKHQXPHULFDOUHVXOWVJHQHUDOO\FRQILUPFRPPRQVHQVHH[SHFWDWLRQV,WVHHPVWKDWXVLQJWKHPLGGOHILGHOLW\
PRGHOVVXFKDVPRGHOFRXOGEHWKHPRVWEHQHILFLDO:KLOHWKHRYHUDOOWUHQGLVTXLWHFRQVLVWHQWIRUORZHUILGHOLW\
PRGHOV LQFUHDVH RI WKH GHVLJQ FRVW DQG ODFN RI UHOLDELOLW\ IRU WKH FRDUVHVW PRGHOV RQH FDQ DOVR REVHUYH VRPH
IOXFWXDWLRQVIRUKLJKHUILGHOLW\PRGHOV,QRUGHUWRIRUPXODWHPRUHGHILQLWHUHFRPPHQGDWLRQVPRUHFRPSUHKHQVLYH
VWXG\VHHPVWREHQHFHVVDU\ZLWKWKHDOJRULWKPSHUIRUPDQFHDYHUDJHGRYHUWKHODUJHQXPEHURIWHVWFDVHV7KLVZLOO
EHWKHVXEMHFWRIWKHIXWXUHZRUN
&RQFOXVLRQV
,QYHVWLJDWLRQRIWKHUHODWLRQVKLSEHWZHHQWKHORZILGHOLW\PRGHOFRDUVHQHVVDQGWKHSHUIRUPDQFHRIWKHVXUURJDWH
EDVHGVKDSHRSWLPL]DWLRQDOJRULWKPKDVEHHQFDUULHGRXW7KHUHVXOWVREWDLQHGIRU ILYHPRGHOVRI LQFUHDVLQJPHVK
GHQVLW\DQGIRUWZRGLIIHUHQWWHVWFDVHVOLIWPD[LPL]DWLRQDQGGUDJPLQLPL]DWLRQJHQHUDOO\FRQILUPFRPPRQVHQVH
H[SHFWDWLRQV 7KH DOJRULWKP ZRUNLQJ ZLWK WKH KLJKHUILGHOLW\ PRGHOV UHTXLUH VPDOOHU QXPEHU RI LWHUDWLRQV WR
FRQYHUJH KRZHYHU HDFK LWHUDWLRQ LVPRUH H[SHQVLYH WKDQ LQ WKH FDVH RI WKH ORZHUILGHOLW\PRGHOV2Q WKH RWKHU
KDQGXVLQJ ORZHUILGHOLW\PRGHOV LVDVVRFLDWHGZLWK WKHULVNRI WKHDOJRULWKPIDLOXUHHLWKHUEHFDXVHRI WKHPRGHO
LQDFFXUDF\RUEHFDXVH WKHSRVVLELOLW\RIGLYHUJHQFHRI WKH FRUUHVSRQGLQJ&)'VLPXODWLRQ0LGGOHILGHOLW\PRGHOV
DSSHDU WR EH WKH SUHIHUUHG FKRLFH KRZHYHU WKLV VKRXOG EH IXUWKHU FRQILUPHG E\PRUH FRPSUHKHQVLYH QXPHULFDO
VWXG\7KHIXWXUHZRUNZLOODOVRLQFOXGHVLPLODULQYHVWLJDWLRQIRURWKHUVXUURJDWHEDVHGRSWLPL]DWLRQWHFKQLTXHV
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